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(54) Passive vertical and horizontal plugging assemblies to prevent melt outflow from the
containment in case of severe accident in a nuclear power plant

(57) This invention concerns passive plugging assemblies for prevention of melt outflow on the event of early by-
pass of the containment in case of severe accident in a nuclear power plant. The vertical plugging assembly consists
of a pipe (1) standing on and fixed to a steel plate (2) and a pipe (3) installed in a concrete structure (4.b). In the pipe
(1) there is a plug made of two segments (7.1 and 7.2), fixed to each other by clamps (12.1 and 12.2) and a bioprotection
cylinder consisting of two segments (5.1 and 5.2) with a groove (6) and a cable/rope (8). Between pipe (1) and pipe (3)
a concrete structure is inlaid. In the segments of the plug there are cavities (10.1 and 10.2) and also a sphere (11), fixed
by the cable/rope (8).

The horizontal plugging assembly consists of a pipe (14) in a pipe (13) with a horizontal inclination of o of 6 to 30
degree in a concrete structure (4.x). Rings (15 and 23) welded to the corpus (14), block the conical saddle (16), with a
front (17). Between ring (15) and pressure plate (18), with screw and nut (28), there is a spring (19). The closing conical
element (20.3) has two cones (20.1 and 20.2). Two connecting rods (21 and 24) are attached to the element by means
of the eyes of two retainer screws (25.1 and 25.2), which are screwed in bushings (26.1 and 26.2) respectively. A
connecting rod (24) is attached to an element (22), fixed to the pipe (corpus) (14).
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The passive vertical and horizontal plugging as-
semblies are applicable in nuclear power industry.

PRIOR ART

[0002] Known in the practice is a passive vertical plug-
ging assembly reducing the harmful impact of gamma
radiation in the serviced rooms under the reactor pit. This
assembly consists of a vertical cylindrical central pipe
standing on a steel plate, with a casing pipe, installed in
a concrete structure, being located around the pipe.
There is a solid bioprotection cylinder, consisting of two
segments made of textolite or teflon, in the lower part of
the pipe. There is a central opening/groove, through
which a movable cable/rope passes, between the two
segments.

[0003] A shortcoming of the known passive vertical
plugging assembily is that it very weakly prevents the melt
outflow on the early by-pass mechanism of the contain-
ment in case of severe accident of the nuclear reactor in
a Nuclear Power Plant.

[0004] No passive vertical plugging assembly is
known, which is used in horizontal pipes or pipes close
to them (with a relatively small inclination) in the serviced
rooms under or at the side of the reactor pit.

[0005] The task of the inventions is to create passive
vertical and horizontal plugging assemblies that prevent
100% the melt outflow on the early by-pass mechanism
of the containment in case of severe accident of the nu-
clear reactor in a Nuclear Power Plant.

[0006] This task is solved by creating:

The passive vertical plugging assembly to prevent
the melt outflow on the early by-pass mechanism of
the containment in case of severe accident in a Nu-
clear Power Plant consists of a vertical cylindrical
central pipe standing on and fixed to a steel plate.
There is a casing pipe, installed in a concrete struc-
ture, around the pipe. There is a solid bioprotection
cylinder, consisting of two semi-cylindrical seg-
ments, in the lower part of the pipe. There is a central
opening/groove, in which there is a cable/rope, be-
tween the two segments. The space between the
casing pipe and the vertical pipe is filled with con-
crete. Above the bioprotection cylinder made of the
two segments, there is a plug made of two segments
tightly fixed to each other by clamps. The groove
passes also between those two segments. There are
voids in those segments, which form respective cav-
ities and whose lower slope of the two segments
supports a closing sphere that is laterally fixed by
the cable/rope.

[0007] The passive vertical plugging assembly to pre-
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vent the melt outflow on the early by-pass mechanism of
the containment in case of severe accident in a Nuclear
Power Plant is characterised by the fact that the seg-
ments are temperature-resistant up to 2850°C, and the
segments are solid and are made of pure titanium car-
bide. The fixing clamps are made of elastic steel. The
closing sphere is solid and made of pure tungsten car-
bide. The bioprotection cylinder made of two segments
is made of fire-proof concrete with 50% to 96% tabular
corundum.

[0008] The passive horizontal plugging assembly to
prevent the melt outflow on the early by-pass mechanism
of the containment in case of severe accidentin a Nuclear
Power Plant consists of a central, cylindrical pipe that is
in a concrete structure with a horizontal inclination at an
angle o of 6 to 30 degrees to the horizontal. In the central
pipe, there is a corpus in which there is a thrust ring that
is welded to the corpus. A thrust ring blocks a conical
saddle tightly pressed to it, whose front is conical funnel-
shaped, in front of which there is a stopperring 23 welded
tothe corpus. Between the thrustring 15 and the pressure
plate there is a charged spring. Between the screw with
eye and nut of the pressure plate, by means of the screw
with eye and nut and the eye of the retainer screw
screwed in a bushing at the spring-side end of the closing
element, there is a connecting rod. The closing element
is with streamlined truncated cones at its both ends. Its
middle part is also a truncated cone with its small base
facing the saddle neck. The groove is passable from the
inlet of the corpus, through the stopper ring, the saddle,
the thrustring, through the openings of the pressure plate
and the end of the corpus. The conical surfaces of the
inside of the stopper ring, the front and the inside of the
saddle smoothly pass into each other. At the other end
of the closing element, near the eye of the retainer screw
screwed in a bushing, there is a rod fixed to an anchor
element fixed to the corpus.

[0009] The passive horizontal plugging assembly to
prevent the melt outflow on the early by-pass mechanism
of the containment in case of severe accidentina Nuclear
Power Plant, the saddle and the closing element are tem-
perature-resistantup to 2850°C, being solid bodies made
of pure titanium carbide, the anchor element is fixed to
the corpus with silver solder, and the spring is made of
stainless steel.

EXPLANATIONS OF THE ATTACHED FIGURES
[0010]

Fig. 1 is a cross-section of the passive vertical plug-
ging assembly, in normal operation mode;

Fig. 2 is a cross-section of the passive vertical plug-
ging assembly, in severe accident mode;

Fig. 3 is a cross-section of the passive horizontal
plugging assembly, in normal operation mode;

Fig. 4 is a cross-section of the passive horizontal
plugging assembly, in severe accident mode.
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DETAILED DESCRIPTION OF THE INVENTIONS

[0011] The passive vertical plugging assembily (in Fig.
1 and Fig. 2) to prevent the melt outflow on the early by-
pass mechanism of the containment in case of severe
accident in a Nuclear Power Plant consists of a vertical
cylindrical central pipe 1 standing on and fixed to a steel
plate 2. There is a casing pipe 3, installed in a concrete
structure 4.b, around the pipe 1. There is a solid biopro-
tection cylinder, consisting of two semi-cylindrical seg-
ments 5.1 and 5.2, in the lower part of the pipe 1. There
is a central opening/groove 6, in which there is a ca-
ble/rope 8, between the two segments 5.1 and 5.2. The
space between the casing pipe 3 and the vertical pipe 1
is filled with concrete 9. Above the bioprotection cylinder
made of the two segments 5.1 and 5.2, there is a plug
made of two segments 7.1 and 7.2 tightly fixed to each
other by clamps 8.1 and 8.2. The groove 6 passes also
between those two segments 7.1 and 7.2. There are
voids in those segments, which form respective cavities
10.1 and 10.2, whose lower slope of the two segments
7.1 and 7.2 supports a closing sphere 11 that is laterally
fixed by the cable/rope 8.

[0012] The passive vertical plugging assembly to pre-
vent the melt outflow on the early by-pass mechanism of
the containment in case of severe accident in a Nuclear
Power Plant is characterised by the fact that the seg-
ments 7.1 and 7.2 are temperature-resistant up to
2850°C, the segments 7.1 and 7.2 are solid and are made
of pure titanium carbide. The fixing clamps 12.1 and 12.2
are made of elastic steel. The closing sphere 11 is solid
and made of pure tungsten carbide. The bioprotection
cylinder made of two segments 5.1 and 5.2 is made of
fire-proof concrete with 75% to 96% tabular corundum.
[0013] The passive horizontal plugging assembly to
preventthe melt outflow on the early by-pass mechanism
of the containment in case of severe accident in a nuclear
power plant consists of a central, cylindrical pipe 13 that
is in a concrete structure 4.x with a horizontal inclination
at an angle o of 6 to 30 degrees to the horizontal. In the
central pipe 13, there is a corpus 14 in which there is a
thrust ring 15 that is welded to the corpus 14. A thrust
ring 15 blocks a conical saddle 16 tightly pressed to it,
whose front 17 is conical funnel-shaped 17, in front of
which there is a stopper ring 23 welded to the corpus 14.
Between the thrust ring 15 and the pressure plate 18
thereis a charged spring 19. Between the screw with eye
and nut 28 of the pressure plate 18, by means of the
screw with eye and nut 28 and the eye of the retainer
screw 25.2 screwed in a bushing 26.2 at the spring 19-
side end of the closing element 20, there is a connecting
rod 21. The closing element 20 is with streamlined trun-
cated cones 20.1 and 20.2 at its both ends. Its middle
part 20.3 is also a truncated cone with its small base
facing the saddle 16 neck. The groove is passable from
the inlet of the corpus 14, through the stopper ring 23,
the saddle 16, the thrust ring 15, through the openings
of the pressure plate 18 and the end of the corpus 14.
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The conical surfaces of the inside of the stopper ring 23,
the front 17 and the inside of the saddle 16 smoothly pass
into each other. At the other end of the closing element
20, near the eye of the retainer screw 25.1 screwed in a
bushing 26.2, there is a rod 24 fixed to an anchor element
22 fixed to the corpus 14.

[0014] The passive horizontal plugging assembly to
prevent the melt outflow on the early by-pass mechanism
of the containmentin case of severe accidentin a nuclear
power plant, the saddle 16 and the closing element 20
are temperature-resistant up to 2850°C, being solid bod-
ies made of pure titanium carbide, the anchor element
22 is fixed to the corpus 14 with silver solder 27, and the
spring 19 is made of stainless steel.

EFFECT OF THE INVENTION

FOR THE PASSIVE VERTICAL PLUGGING ASSEM-
BLY IN FIG. 1 AND FIG. 2

[0015] While the nuclear reactor operates without ac-
cidents in normal operation mode of the Unit, the passive
vertical and horizontal plugging assemblies do not affect
the nuclear reactor operation.

[0016] The passive vertical plugging assembly, in nor-
mal operation mode of the nuclear reactor, in no way
hinders the operation of the mechanisms - the up/down
movement of the cable/rope 8, and does not hinder the
functioning of all devices, e.g. ionisation chambers that
are placed in the vertical pipe (Fig. 1).

[0017] But in case of severe accident, during which
there occurs a breach in the reactor pressure vessel of
a Nuclear Power Plant, through which melt, formed from
the melting of the materials in the core and the vessel
internals, is released outside the vessel, which melt,
sometime after its spreading on the floor of the reactor
pit, corrodes/ablates the concrete along the whole width
of the space between the pit walls and the pipe 1 in the
concrete structure 4.b. Entering uncontrollably the pipe
1, the melt flows out and falls on the upper surface of the
plugging plug with the semi-cylindrical segments 7.1 and
7.2. The melt bums through and breaks off the cable/rope
8, the lower part of which falls, freeing the opening/groove
6in 7.1/7.2, located along the whole height of the central
axis. At this moment, the closing sphere 11, under the
action of gravity, rolls down on the sloping surface of the
cavity 10.1 and/or 10.2in 7.1/7.2 on the neck of the open-
ing/groove 6 and blocks itup (Fig. 2). Asitis with a specific
weight considerably higher than that of the melt entering
along the groove 6 and cavity 10.1/10.2, it (the closing
sphere 11) cannot come to the surface and thus certainly
closes the opening/groove 6. The selected materials of
the plug 7.1/7.2 and the closing sphere 11 are high tem-
perature-resistant - up to 2850°C, i.e. they withstand the
thermal load exercised by the melt that has hit them. The
latter stays in the space above the plug 7.1/7.2 and in
the space of its cavity 10.1/10.2, with the heat transfer
analyses made showing that, after sometime, it begins
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to cool down and to solidify. From those analyses be-
comes clear that the temperature at the lower end of the
plug 7.1/7.2 rises considerably, but remains with a suffi-
ciently big margin with respect to (sufficiently below) the
critical temperature of thermal stability of the bioprotec-
tion cylinder 5.1/5.2 made of special concrete. The spe-
cial concrete 9 in the space between the vertical pipe 1
and casing pipe 3 impedes the melt from going round
(by-passing) the plug 7.1/7.2. This is so because the level
of this filling with this concrete 9 along the height is suf-
ficiently above the upper surface of the plug 7.1/7.2.
Then, the melt that has penetrated into the groove of pipe
1, even though melting the wall of pipe 1, cannot pene-
trate into the interspace between pipes 1 and 3. In this
way, the melt that has grown cool remains
"caught"/stopped for the interval defined as time of the
so called early by-pass, with its condition after this de-
pending only on the rate of ablation of the concrete and
the geometry of the breach in the reactor pit founda-
tion/base, formed as a consequence of this. Also in this
severe accident mode, the plugging vertical assembly is
also completely passive.

[0018] Under the conditions of severe accident, the
plugging vertical assembly does not require human in-
terference nor consumes electric or other power, pneu-
mo-, hydro- or other working medium. The passive ver-
tical plugging assembly only operates under the impact
of the melt itself that penetrates into the groove of the
vertical pipe 1, i.e. on the principle of the internal self-
defence by means of the natural feedback - initiator of
the operation is the melt itself, the further movement of
which is stopped by the vertical plugging assembly.

FOR THE PASSIVE HORIZONTAL PLUGGING AS-
SEMBLY

[0019] The passive horizontal plugging assembly, in
normal operation mode of the nuclear reactorin a nuclear
power plant, in no way hinders the operation of the nu-
clear reactor mechanisms.

[0020] In case of severe accident, during which there
occurs a breach in the reactor pressure vessel, through
which melt, formed from the melting of the materials in
the core and the vessel internals, is released outside the
vessel, which meltis spreading on the floor of the reactor
pitand without hindrance enters the groove of the through
drain from the inlet of the corpus 14, through the stopper
ring 23, the saddle 16, the thrust ring 15, through the
openings of the pressure plate 18 and the end of the
corpus 14. Moving along the slope atan angle o. (between
6 and 30 degrees) of the groove of pipe 13, the melt
reaches the anchor element 22, where it melts the silver
solder 27, in the course of which the connecting element
-rod 24, is released. At this moment, the closing element
20, being under the impact of the tensile force of the
charged spring 19, by means of the connecting rod 21
attached to the screw with eye and nut 28 for the pressure
plate 18, is pulled in the direction of the saddle 16 that is
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fixed at its both ends to the inside of the corpus 14 by
means of the welded thrust ring 15 and the welded stop-
per ring 23 (Fig. 3). The closing element 20 enters the
saddle 16 (Fig. 4), with the value of the tensile force ex-
ercised by the spring 19, as well as the respective conical
surfaces of 16 and 20 (more specifically the middle part
of 20.3 of the closing element 20) being so selected and
processed as to ensure tight contact during closing,
whereby to guarantee the secure blocking of the way of
the melt. The material selected for the closing element
20 and for the saddle 16 is high temperature-resistant -
up t02850°C, i.e. itwithstands the thermal load exercised
by the melt that has hit them. The latter stays in the space
between the inlet of the groove of the drain pipe (part of
the horizontal section of which is the pipe 13) and 16 and
20 that have formed afit, starting after some tome to cool
down and solidify. The temperatures at the lower and of
the saddle 16, as well as the pipes 13 and 14 in this region
rise considerably, but remain with a sufficiently big mar-
gin with respect to the critical temperature of thermal sta-
bility of the weld material used to fix 15 to 14, i.e. the
supporting function of ring 15 is ensured during the whole
process of cooling down and solidification of the melt.
The melt that has so cooled down remains
caught/stopped for the interval defined as time of the ear-
ly by-pass of the containment wall, with its condition after
this depending only on the rate of ablation of the concrete
and the geometry of the breach in the reactor pit foun-
dation/base 4.x, formed as a consequence of this. The
horizontal plugging assembly is completely passive in
normal operation mode of the nuclear reactor, in no way
hindering the movement of the drained fluid, i.e. it en-
sures its passage under the conditions of minimum hy-
draulic resistance. This is achieved through the position
of the closing element 20 that, by means of the anchor
element 22 and the selected length of rod 24, is securely
fixed at a sufficient distance in front of the saddle 16.
Both the geometry of the closing element itself 20, which
at its both ends 20.1 and 20.2 is in the shape of a trun-
cated cone, as well as the inner surfaces of the stopper
ring 23, the front 17 and the inside of the saddle 16, as
well as the specially made openings in the pressure plate
18, smoothly passing into each other, contribute to the
good passage.

[0021] Under the conditions of severe accident, the
plugging horizontal assembly does not require human
interference nor consumes electric or other power, pneu-
mo-, hydro- or other working medium. The passive hor-
izontal plugging assembly only operates under the im-
pact of the melt itself that penetrates into the groove of
the pipe 13, i.e. on the principle of the internal self-de-
fence by means of the natural feedback - initiator of the
operation is the melt itself, the further movement of which
is stopped by the vertical horizontal assembly.

[0022] The materials from which both the passive ver-
tical and the passive horizontal plugging assembly are
made are characterised by their high resistance to strong
neutron fluxes - up to 1016 Bq/m3 volume activity of the
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air and 108 Gy/h dose rate. Under the conditions of nor-
mal operation of the Unit, they are radiation-resistant with
big margin with respect to time above the 30-year design
service life.

Claims

1. Passive vertical plugging assembly to prevent the
melt outflow on the early by-pass mechanism of the
containment in case of severe accident in a nuclear
power plant consists of a vertical cylindrical central
pipe (1) standing on and fixed to a steel plate (2),
with a casing pipe (3), installed in a concrete struc-
ture (4.b), being located around the pipe, and in the
lower part of the pipe (1) there is a solid bioprotection
cylinder, consisting of two semi-cylindrical segments
(5.1 and 5.2), and between the two segments (5.1
and 5.2) there is a central opening/groove (6), in
which there is a cable/rope (8), characterised by
the fact that the space between the casing pipe (3)
and the vertical pipe (1) is filled with concrete (9),
and above the bioprotection cylinder made of the two
segments (5.1 and 5.2) there is a plug made of two
segments (7.1 and 7.2) tightly fixed to each other by
clamps (12.1 and 12.2), with the groove (6) passing
between those two segments (7.1 and 7.2), whereby
there are voids in those segments, which form re-
spective cavities (10.1 and 10.2), whose lower slope
of the two segments (7.1 and 7.2) supports a closing
sphere (11) that is laterally fixed by the cable/rope

(8).

2. Passive vertical plugging assembly to prevent the
melt outflow on the early by-pass mechanism of the
containment in case of severe accident in a nuclear
power plant according to claim 1, characterised by
the fact that the segments (7.1 and 7.2) are temper-
ature-resistant up to 2850°C, with the segments (7.1
and 7.2) being solid and made of pure titanium car-
bide, the fixing clamps (12.1 and 12.2) being made
of elastic steel, the closing sphere (11) being solid
and made of pure tungsten carbide, and the biopro-
tection cylinder made of two segments (5.1 and 5.2)
being made of fire-proof concrete with 50% to 96%
tabular corundum.

3. Passive horizontal plugging assembly to prevent the
melt outflow on the early by-pass mechanism of the
containment in case of severe accident in a nuclear
power plant consisting of a central, cylindrical pipe
(13) that is in a concrete structure (4.x) with a hori-
zontal inclination at an angle o of 6 to 30 degrees to
the horizontal, with a corpus (14), in which there is
a thrust ring (15) that is welded to the corpus (14),
being located in the central pipe (13), with a thrust
ring (15) blocking a conical saddle (16) tightly
pressed to it, whose front (17) is conical funnel-
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shaped (17), in front of which there is a stopper ring
(23) welded to the corpus (14), with a charged spring
(19) being located between the thrust ring (15) and
the pressure plate (18), with a connecting rod (21)
being located between the screw with eye and nut
(28) of the pressure plate (18), by means of the screw
with eye and nut (28) and the eye of the retainer
screw (25.2) screwed in a bushing (26.2) at the
spring (19)-side end of the closing element (20), with
the closing element (20) being with streamlined trun-
cated cones (20.1 and 20.2) at its both ends, and its
middle part (20.3) being also a truncated cone with
its small base facing the saddle (16) neck, and the
groove is passable from the inlet of the corpus (14),
through the stopper ring (23), the saddle (16), the
thrustring (15), through the openings of the pressure
plate (18) and the end of the corpus (14), with the
conical surfaces of the inside of the stopper ring (23),
the front (17) and the inside of the saddle (16)
smoothly passing into each other, and at the other
end of the closing element (20), near the eye of the
retainer screw (25.1) screwed in a bushing (26.2),
there being a rod (24) fixed to an anchor element
(22) fixed to the corpus (14).

Passive horizontal plugging assembly to prevent the
melt outflow on the early by-pass mechanism of the
containment in case of severe accident in a nuclear
power plant according to claim 3, characterised by
the fact that the saddle (16) and the closing element
(20) are temperature-resistant up to 2850°C, with
them being solid bodies made of pure titanium car-
bide, the anchor element (22) being fixed to the cor-
pus (14) with silver solder (27), and the spring (19)
being made of stainless steel.
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